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• In India, this is the first-ever assessment, which offer an insight on the accumulation of bacteria in farmed oysters.
• We investigated the dynamic process of microbial bio-accumulation and how it is influenced by rainfall.
• Bio-accumulation was high during the pre-monsoon season when the Lake is brackish.
• Salinity and temperature play a major role in the survival of coliform bacteria in the shellfish growing water.
• We can reduce input costs in the laboratory by analysing faecal coliform as a quality indicator instead of using E. coli as an indicator.
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a b s t r a c t
Oysters are commercially cultured from the Ashtamudi Lake in India, and support 12,000 tonnes of
bivalve fisheries/year. Oysters and oyster growing waters were sampled from July 2012 to June 2013
for analysis of total coliforms (TC), faecal coliforms (FC), Escherichia coli, faecal Streptococci (FS) and total
plate counts (TPC). E. coli MPN values in oyster growing waters were below the threshold limits set by
the USFDA and EU during the months of December to April. Seasonally, the highest MPN values for E.
coli were obtained during the monsoon season (June–September), and this trend gradually decreased
during the post-monsoon (October–January) and pre-monsoon (February–May) periods. E. coli displayed
a significant (p < 0.01) variation in accumulation during different seasons. A strong negative correlation
(R2 = −0.70, p < 0.05) between temperature and E. coli numbers in oysters was observed, while rainfall
and E. coliwere positively correlated (R2 = 0.695, p < 0.05). Hence, we strongly recommend depuration
and proper cooking of oysters before consumption during the monsoon season.
© 2016 Elsevier B.V. All rights reserved.1. Introduction
Coastal estuaries are highly productive ecosystems that can
sustain several human activities. These aquatic environments are
among themost extensively used for the commercial production of
bivalves (Almeida and Soares, 2012). Themicrobiological pollution
of coastal waters is a major problem, especially in shellfish
growing areas where contamination may exist, with sewage
discharges including sewage outfall, combined sewer overflows
and rainwater discharges the most significant (Lee et al., 2003;
Oliveira et al., 2011). As filter feeding organisms, bivalves can
concentrate contaminants from the surrounding water including
microorganisms that can cause several infectious diseases in
humans (Muniain-Mujika et al., 2002; Brands et al., 2005).
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2352-4855/© 2016 Elsevier B.V. All rights reserved.Consumption of shellfish containing harmful microorganisms
may pose a significant public health risk (Fleming et al., 2006);
thus, their hygiene and sanitary control is extremely important
and is legislated in many countries (Lees, 2000; Oliveira et al.,
2011). Classification of growing areas by sanitary survey and
monitoring of E. coli/faecal coliforms at an appropriate frequency
based on the risk of contamination is prevalent in Europe. These
classifications are based on Directives 923/79/CEE, which serve as
guidelines to control the levels of microorganisms in both shellfish
and the overlying waters (EC, 2004a). These standard guidelines
are important for the regulation of shellfish harvesting and public
health. In India, such standards have not yet been developed
because until recently there was no significant consumption of
shellfish. However, shellfish cultivation has substantially increased
in recent decades and has become an important industry for
rural coastal communities. Indigenous species of clams, mussels
and oysters are harvested from natural populations, and the
characteristics of these bivalve molluscs make them suitable for
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madrasensis is performed mainly in the estuaries and backwaters
of Kerala, particularly from Ashtamudi Lake. The production of
the oyster C. madrasensis was nil in the year 1990 and reached
4700 tonnes in 2013 (FAO, 2013). Recently, the edible oysters
are very popular as raw and processed food in the South Indian
states, particularly in Kerala and Goa (Jana et al., 2013), where
large number of foreigners visiting every year. The trade of
live oysters also has a high demand in high-end restaurants,
and their market value has increased tremendously from Rs
0.5/oyster to 7.5/depurated oyster (Mohamed and Kripa, 2013).
Under these circumstances, the shellfish harvesting areas in India
have to be classified as suitable to harvest for direct human
consumption based on purification by depuration/relaying or
approved processing. Perusal of availability of informations reveals
that few work have been done on the aspect of bioaccumulation
in green mussels in recent years (Raveendran et al., 1990;
Sasikumar and Krishnamoorthy, 2010). Both the authors found
that, bioaccumulation of faecal coliforms were high during
monsoon and well below the threshold limit in pre-monsoon
and post-monsoon seasons. But none of the work has been done
on oyster. Therefore, it is important to document how varying
bacterial community in different season’s oysters and overlying
waters. The aims of the current study was to monitoring the
seasonal variation of bioaccumulation of bacterial load in the
edible oyster and suggest harvest and post-harvest management
practices for oyster farmers. Based on this background, we studied
the bio-accumulation of bacteria (Faecal coliforms, E. coli, faecal
Streptococci and Total plate count) in oysters C. madrasensis and
growing waters of the shellfish in Ashtamudi Lake from July 2012
to June 2013.
2. Materials and methods
2.1. Study area
Ashtamudi Lake is the second largest brackish water lake in
Kerala (Lat. 8°56′46.18′′N and Long. 76°33′16.33′′E) and has been
designated as a Ramsar site based on the Ramsar Convention of
Wetlands in 2002. The lake has an area of 61.4 km2 and supports
approximately 12,000 tonnes of bivalve fisheries per year. Oysters
are an important edible bivalve mollusc commercially exploited
from this lake. The lake is permanently connectedwith the Arabian
Sea, and the water is exchanged daily by tides. The Kallada
River flows into the lake and makes the lake brackish, which is
favourable for bivalve growth. The lake is classified asmesotrophic
with optimum nutrient concentration levels and good water
exchange. For many bivalve species it is an important spawning
and nursery ground (especially for clams) due to its sheltered
condition. The bivalve fisheries and mariculture activities in this
area are economically important.
2.2. Sample collection
Monthly collection of oysters (C. madrasensis) and harvesting
waters were performed from July 2012 to June 2013. During
each sampling 30 oysters and water (50 cm below the surface)
from the harvesting area were collected from the commercial
bivalve fishing areas of the lake. Water was collected at the surface
using 500 ml sterile bottles. Water physico-chemical parameters
(i.e., temperature, salinity and pH) were measured separately. The
oyster and water samples were transported to the laboratory in an
insulated ice-box under aseptic conditionswithin 4 h. The analyses
were performed on the same sampling day.2.3. Bacterial analyses
Upon arrival at the laboratory, the oysters were cleaned
by scrubbing and washing under running water and drained
with clean sterilized cotton. Next, the oysters were shucked
with a sterile knife and the flesh and intervalvular fluid were
extracted aseptically. Accumulation factors were calculated based
on the method described by Burkhardt et al. (1992), where the,
Bioaccumulation Factor (BAF), BAF = Co/Cw. Where, Co = the
faecal coliforms concentration in oysters and Cw = the faecal
coliforms concentration in waters. The bio-accumulation of faecal
coliforms from the shellfish raising water of the backwater oyster
was investigated from July 2012 to June 2013. Each bacterial
analysis was performed in triplicate.
2.4. Faecal coliforms and E. coli
The concentrations of faecal coliforms (FC) and E.coli were
enumerated using the multi-fermentation method (most probable
number—MPN) in accordance with the American Public Health
Association method (APHA, 2012). Decimal dilutions of the
samples were inoculated into Lauryl Tryptose Broth (HiMedia,
Mumbai, India) at 37 °C for 48 h using five tubes per dilution.
All LTB tubes that showed turbidity and gas production were
selected and 1ml were transferred to tubes containing 2% Brilliant
Green Lactose Broth (HiMedia, Mumbai, India) and E. coli broth
(HiMedia, Mumbai, India). Tubes with BGLB were incubated at
35 °C for 48 h and tubes with EC were incubated in a water bath
at 45.5 °C for 48 h. BGLB tubes with turbidity and gas production
were quantified, and themost probable number (MPN) of coliforms
per gram was determined using the MPN table for three tubes.
The cultures in EC broth showing turbidity and gas production
were streaked on eosin–methylene blue agar (EMB), and incubated
at 35 °C for 24 h. Typical E. coli colonies were submitted indole,
methyl red, Voges Proskauer and citrate (IMViC) biochemical tests.
Faecal coliform and E. coli densities were estimated by computing
the MPN index corresponding to the positive tube combinations.
The results were expressed as MPN 100 ml−1 of water and MPN
100 g−1 of shellfish.
2.5. Total plate count and faecal Streptococci
Total plate counts (TPC) were performed using the spread
plating method. Decimal dilutions of samples of homogenates
were inoculated in plate count agar (HiMedia, Mumbai, India)
containing 3% NaCl and examined for colony development after
incubation for 48 h at 36 ± 1 °C. Colonies were counted and the
data reported as colony forming units per gram (cfu/g) (Sengor,
2004; Obodai et al., 2010). Faecal Streptococci (FS) were counted on
KF Streptococcus agar. The plates were incubated at 36 ± 1 °C for
48 h; dark red colonies and colonieswith red and pink centreswere
counted as faecal Streptococci colonies. The results were expressed
as the number of colony forming units per ml or g (Easterbook and
West, 1987).
2.6. Statistical analysis
The data were expressed by seasons including Monsoon
(June–Sep), Pre-monsoon (Oct–Jan) and Post-monsoon (Feb–May).
All mean MPN values for TC, FC, E. coli, TPC (cfu/g), and
FS (cfu/g) were converted to log10 values prior to analysis.
Statistical analyses of shellfish bio-accumulation were conducted
using SAS version 9.2. Analysis of variance (ANOVA) and Pearson
correlation analyses were applied to determine the relationship
between microbial bio-accumulation with various seasons and
environmental parameters.
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Seasonal variation in physico-chemical parameters of shellfish harvesting waters of Ashtamudi Lake, Kollam, Kerala. SD indicates standard deviation from the mean.
Season Temperature (°C) Salinity (psu) pH Rainfall (mm)
Monsoon Mean 28.05 20.02 7.9 554.5
SD 0.98 8.52 0.26 236.8
Min 26.60 13.0 7.7 366.5
Max 28.80 32.0 8.3 887.0
Post-monsoon Mean 29.49 30.5 8.1 192.2
SD 0.23 2.27 0.15 163.7
Min 29.1 27.5 8.0 0.0
Max 29.6 33.0 8.3 371.0
Pre-monsoon Mean 29.85 28.42 8.02 156.0
SD 1.38 6.17 0.09 167.0
Min 28.3 22.5 7.9 19.0
Max 31.4 33.5 8.1 391.0Table 2
Seasonal changes in bio-accumulation factors (BAF) in C. madrasensis oysters.
Month BAF
FC E. coli FS TPC
July 1.45 2.18 6.25 1.36
August 3.79 2.84 9.5 1.34
September 3.79 5.84 3.0 2.61
October 6.66 1.90 1.0 9.10
November 1.50 1.44 0.93 1.22
December 5.86 4.41 7.0 24.78
January 2.60 7.85 1.75 4.28
February 68.35 17.72 1.30 2.37
March 10.0 5.35 2.50 2.66
April 9.89 9.72 4.25 5.17
May 6.66 1.0 3.75 2.50
June 7.50 2.25 3.16 12.86
3. Results
3.1. Environmental parameters
The physico-chemical parameters in the shellfish growing
waters of Ashtamudi Lake are shown in Table 1. Salinities
fluctuated between 13 and 34 psu (mean = 26.31 psu),
which is characteristic of a tropical estuary. The temperature
fluctuated between 26.6 and 31.4 °C, conforming to typical tropical
conditions. The pH of the lake water remained relatively constant
(7.7–8.3). Variations in the environmental parametersweremostly
influenced by tidal amplitude and monsoon rainfall. The highest
temperature in the oyster harvesting water was recorded in
the months of March–April (Pre-monsoon) and the lowest was
recorded in June (Monsoon). Salinity also peaked in March–April
(Pre-monsoon) and was lowest in July due to seasonal rains.
3.2. Bio-accumulation factors
Faecal coliforms and E. coli were concentrated by the shellfish
to varying degrees over the 12-month period (Table 2). Therewas a
seasonal influence on the rates of accumulation of these indicators.
The mean accumulation factors for faecal coliforms and E. coli in
oysters during the study period was 10.67 (range, 1.45–68.35) and
5.20 (range, 1.0–17.72), respectively. The maximum accumulation
for both organisms occurred during February when the water
salinity (22.5 psu) and temperature (29.1 °C) exhibited typical
brackishwater conditions. Thus, Februarywas observed as a period
of hyperaccumulation. The rate of bio-accumulation of E. coli was
significantly correlated (p < 0.01)with the faecal coliform content
of the water. In contrast, no correlation was observed between
water temperature, salinity, pH, rainfall and accumulation of faecal
coliforms and E. coli.3.3. Coliform levels in seawater
Mean concentrations of faecal coliforms and E. coli in the
shellfish growing waters of Ashtamudi Lake are presented in
Table 3. Throughout the study period the mean log10 MPN
counts of coliforms were 3.06 ± 0.44 for FC and 2.82 ± 0.47
for E. coli/100 ml. The occurrences of maximum FC and E. coli
(3.38 MPN/100 ml) were recorded during the monsoon season,
while the lowest occurrences were detected during the post-
monsoon and pre-monsoon seasons. Seasonal changes in TC, FC
and E. coli densities are depicted in Table 3. Pearson correlation
coefficient matrices were calculated for FC and E. coli in shellfish
harvesting waters with environmental parameters. Statistical
analyses revealed a strong negative relationship between E.
coli and temperature (R2 = −0.79, p < 0.01). Similarly,
temperature and faecal coliform counts displayed a significant
negative correlation (R2 = −0.64, p < 0.05). E. coli and TPC
positively correlated with rainfall (R2 = 0.624, p < 0.05 and R2 =
0.636, p < 0.05, respectively). Correlations were not significant
(p > 0.05) between salinity, pH and all coliforms.
3.4. Coliform levels in oysters
The densities varied between 4.25–3.14 log10MPN/100 g for FC
and 3.73–2.87 log10 MPN/100 g for E. coli (Table 3). The maximum
FC and E. coli densities were recorded during the monsoon season
(3.99± 0.33 and 3.68± 0.09 log10MPN/100 g, respectively), while
the lowestwere detected in the pre-monsoon season (3.8±0.4 and
3.3± 0.35 log10MPN/100 g, respectively). Seasonal changes in TC,
FC and E. coli densities are illustrated in Table 3. ANOVA showed
that seasonal variations in FC in oysterswere significantly different
(p < 0.01). Similarly, E. coli displayed significant variations (p <
0.01) in accumulation during different seasons (Table 4). Pearson’s
correlation revealed a strong negative correlation (R2 = −0.70,
p < 0.05) between temperature and E. coli numbers, while rainfall
and E. coli in oyster tissues were positively correlated (R2 = 0.695,
p < 0.05). Correlations between salinity, pH and faecal coliforms
were not significant (p > 0.05).
3.5. Faecal Streptococci
FS were present in all seasons both in oysters and the water.
The maximum count in oysters was 1.75 log10 cfu/g and was
observed during the monsoon season (Table 3). In contrast, a
lower maximum count (1.65 log10 cfu/ml) was recorded in
shellfish growing waters during the pre-monsoon season. While
the quantity of faecal Streptococci was lower in water, bio-
accumulation of faecal Streptococci in oysters was observed. The
bio-accumulation factor ranged between 0.93 and 9.5 (mean,
3.69). Seasonal variations in the bio-accumulation of FS were not
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Microbial quality of waters and oysters from the commercial shellfish harvesting areas in Ashtamudi Lake, Kollam, Kerala from July 2012 to June 2013.
Season Faecal coliforms E. Coli Faecal Streptococci TPC
(Log10MPN) (Log10MPN) (Log10 cfu) (Log10 cfu)
100 ml−1 100 g−1 100 ml−1 100 g−1 100 ml−1 100 g−1 100 ml−1 100 g−1
Water Tissue Water Tissue Water Tissue Water Tissue
Monsoon Mean 3.38 3.99 3.2 3.68 1.29 0.85 3.6 4.05
SD 0 0.33 0.17 0.09 0.06 0.62 0.07 0.45
Min 3.38 3.54 2.96 3.54 1.25 0.3 3.5 3.77
Max 3.38 4.25 3.38 3.73 1.39 1.75 3.67 4.72
Post-monsoon Mean 3.06 3.8 2.59 3.3 0.9 0.91 3.21 3.98
SD 0.21 0.4 0.34 0.35 0.55 0.36 0.24 0.35
Min 2.96 3.14 2.14 2.87 0.3 0.6 2.97 3.64
Max 3.38 4.2 2.96 3.73 1.54 1.3 3.55 4.36
Pre-monsoon Mean 2.74 3.9 2.69 3.54 1.24 0.87 3.1 3.58
SD 0.62 0.22 0.63 0.14 0.04 0.54 0.47 0.45
Min 1.89 3.73 1.89 3.38 0.69 0.3 2.65 3.07
Max 3.38 4.25 3.38 3.73 1.65 1.53 3.76 4.16Table 4
ANOVA comparisons of distribution of FC, E. coli, faecal Streptococci and TPC in
shellfish growing waters and oysters.
Parameters R-square Mean square F-value P value
Faecal coliforms 0.55 4.00 27.46 0.0001
E. coli 0.45 2.79 18.72 0.0003
Faecal Streptococci 0.08 0.42 2.17 0.1547
TPC 0.34 1.90 11.84 0.0023
significant (p > 0.05), but ANOVA showed significant (p <
0.05) differences in the bio-accumulation of FS with temperature
and salinity (Table 4). Pearson’s correlation showed that the
relationship between temperature and FS accumulation was
strongly negatively correlated (R2 = −0.698, p > 0.05). The other
environmental parameters did not show significant correlations.
3.6. Total plate count
The mean log values of TPC in oyster and shellfish growing
waters of Ashtamudi Lake in different season are shown in
Table 3. The TPC of oysters ranged from 3.07 to 4.72 log10 cfu/g.
The maximum mean count was observed during the monsoon
season (4.05 ± 0.45log10 cfu/g) and the lowest during the pre-
monsoon season (3.58 ± 0.45log10 cfu/g). The bio-accumulation
factors ranged between 1.34 and 24.68, with the maximum bio-
accumulation factor observed in the month of December. ANOVA
showed significant (p < 0.01) differences between TPC count in
oysters and environmental parameters salinity and temperature
(Table 4). Pearson’s correlation coefficients revealed significant
negative relationships between bio-accumulation of TPC and
temperature (R2 = −0.713, p > 0.01) and salinity (R2 = −0.631,
p > 0.05). The other environmental parameters did not show
significant correlations.
4. Discussion
Understanding the dynamic process of microbial bio-
accumulation is of great importance in restricting bivalve harvests
and ensuring consumer safety. The accumulation of faecal col-
iforms and E. coli by shellfish varied greatly between seasons. Bio-
accumulation was high during the pre-monsoon season character-
ized by the transition from the cooler post-monsoonmonths to the
warmer summer months. During the post-monsoon season, the
levels of E.coli counts in seawater were very low, these counts ex-
tended into the pre-monsoon season. However, E. coli levels in oys-
ters were above the EU and NSSP standard limits during the mon-
soon months. It has been reported that shellfish accumulate col-
iforms from the shellfish growing waters and then maintain theselevels for long periods (Sasikumar and Krishnamoorthy, 2010). The
levels of E. coli counts started to rise during the late pre-monsoon
months and peaked during the monsoon months. The monsoon
rains bring a heavy load of waters containing coliforms (mostly of
faecal origin) into the lake ecosystem. Thus, this influx could re-
sult in the high FC and E. coli counts observed during the monsoon
period.
Seawater temperature was significantly negatively correlated
with faecal coliform and E. coli levels in both oyster tissues
and oyster growing waters. This indicates that faecal coliforms
and E. coli levels are elevated during the monsoon months (low
temperatures) and less prevalent during the pre- and post-
monsoonmonths (high temperatures). Chandran andHatha (2003)
reported that sunlight is one of the most important inactivating
factors for the survival of E. coli in estuarine waters, and this
may be the reason for lower FC and E. coli levels during the non-
monsoon months. Similarly, the accumulation of FS and TPC were
also negatively correlated with temperature. Bio-accumulation of
faecal coliforms and E. coli in oysters was more prevalent in the
colder months compared to the warmer months, suggesting that
at lower temperatures the bivalve molluscs could concentrate
relatively more FC and E. coli in their bodies. Similar conclusions
were reached by Kucuksezgin et al. (2010), who found more faecal
coliforms in clams during the colder winter–spring period in Izmir
Bay, Turkey.
The negative correlation between TPC and salinity supports
the observation of high levels of TPC during the monsoon season.
This may be due to river run-off carrying faecal waste to the lake
environment. Similar observations were made for coliforms in
mussels from the Netravathi–Gurpur estuary in Mangalore on the
west coast of India (Sasikumar and Krishnamoorthy, 2010). Ashiq
et al. (2012), reported that the Kallada River (which is the main
river joining the Ashtamudi Lake) showed high levels of FC, E. coli,
FS and TPC counts at the station where the Kallada River joins to
the lake. Studies (Chandran and Hatha, 2003) from tropical and
subtropical waters (Anderson et al., 2005) showed that coliform
counts were high in areas with high influxes of freshwater. The
freshwater input positively influenced the salinity and survival of
coliforms (Raveendran et al., 1990; Anderson et al., 2005). These
findings support our conclusion that the survival of bacteria in
estuarine waters is controlled by temperature and salinity.
A strong positive correlation between E. coli and FC was
observed throughout the year in oyster tissues. Therefore,
monitoring of FC may better reflect seasonal accumulation
activities because these organisms are concentrated to a much
greater extent than E. coli. Similar results were found in the
temperate oyster Crassostrea virginica by Hood et al. (1983), where
the correlation between numbers of FC and E. coliwas also strong.
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indicator rather than E. coli. The main advantage of the use of FC as
an indicator is that it will reduce analysis time and input costs in
the laboratory.
The oysters harvested from Ashtamudi Lake had high E.
coli levels that were well above the EU limit (230MPN/100 g)
throughout the year, thus confirming it as a ‘B’ category harvesting
area according to EU standards. This requires depuration or
relaying to an ‘A’ category area over a period of time to meet
health standards prior to human consumption according to current
EU regulations (EC, 2004a). This is in agreement with many of
the previous studies from India (Raveendran et al., 1990; Lalitha
and Surendran, 2004; Sasikumar and Krishnamoorthy, 2010;
Hassan et al., 2013). Recent study by Chinnadurai et al. (2014)
showed that Indian backwater oysters accumulated bacterial loads
above the threshold limits during the winter monsoon and they
demonstrated the depuration of oysters to reduce FC and E.coli to
safe levels can be accomplished within 24 h.
Similarly, shellfish such as clams harvested from Vembanad
Lake (Kerala) north of Ashtamudi Lake are reported to have high
levels of faecal coliforms and E. coli (Lalitha and Surendran, 2004;
Hassan et al., 2013). This may be because these two lakes are
situated close to the major cities of Kerala and are interconnected
with the canals of the cities that discharge sewage into the lakes.
The TPC numbers recommended for good quality bivalve molluscs
is 500,000/g (EC, 2004b). The TPC in oysters from Ashtamudi Lake
was found to be below this threshold limit. Thehigh levels of FC and
E. coli in oysters do not pose a grave threat to consumers because
the oysters are consumed locally after thorough cooking. However,
the recent trend in consumption of live oysters (Mohamed and
Kripa, 2013) makes depuration of shellfish a necessity.
5. Conclusions
In India, this is the first-ever assessment, which offer an insight
on the accumulation of bacteria in farmed oysters in various season
and how influencing the environmental parameters. To protect
the health of shellfish consumers, local government authorities
are advised to draft regulations and make plans for a clean-
up of Ashtamudi Lake based on the results of this monitoring
survey. The regulations must make it a mandatory requirement
for shellfish from polluted sources to be treated and rendered fit
before sale or consumption. Because the oyster C. madrasensis is of
commercial importance, periodic monitoring has to be performed
to determine safety levels for its consumption. E. coli levels
in the growing area were relatively high during the monsoon
season and below the threshold limits during the pre- and post-
monsoon seasons. Hence, we strongly recommend depuration and
proper cooking of oysters before consumption during themonsoon
season. Relaying and depuration are essential to facilitate the live
oyster trade. We recommend monitoring of faecal coliforms in
shellfish harvesting areas and in oysters to prevent possible disease
outbreaks associated with oyster consumption.
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